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(54) FOAMED POLYSTYRENE DISSOLVING AGENT 

(57)Abstract: ^. ^, . ^ * 

PROBLEM TO BE SOLVED: To obtain the subject dissolving agent highly safe and not 

harmful to environments, by including a specific carbonate compound. 

SOLUTION- This dissolving agent is obtained by including a carbonate compound of the 

formula. R1-(OCmH2m)x-0-CO.O-(CnH2nO)y-R2 [Rl and R2 are each a 1-16C alkyl, 

cycloalkyl. etc, (m) and (n) are each an integer of 1-6; (x) and (y) are each an .nteger of 0- 

21 at least one kind (e.g. diethylcarbonate. n-butylmethylcarbonate) selected from 

carbonate compounds wherein (x) and (y) in the above formula are both 0. and the the.r 

ignition point is ^21°C. preferably. >70°C. To increase the dissolving rate, as necessary, 

0 1-10 wt%. preferably. 0.2-5 wt.%. based on 100 wt.% of the carbonate compound(s) of 

nonion surfactant(s) may be added. Since this dissolving agent easily dissolves foamed 

polystyrene, decease in the volume of foamed polystyrene can be efficiently achieved. 
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raa!m n Form polystyrene resolvent characterized by including at least one kind of compound 
. frlmTe cSate compound expressed with the followmg general formula (I), 

Rl -(0CmH2m) x-0-C0-0.-(CnH2nO) y-R2 - (I) ^j^^^^^ 
(Among the formula, even if Rl and R2 are "^^^^^"^^ ^^rap^^^^^^^^ which is 1-16, a 

.from the group which a carbon number become ^^^f ^^^^^^^ radical is 

branched-chain alkyl group, a cycloalkyl radical, an f^^?;^^"^^^^^^ is shovm, and even if x 

shown, m and n you may differ, even rfmutu^ly ^^jroL^^Tieylow he integ;r of 0-2. 

nXf said general formula (I), and a compound ^o^^^^tTlosl Lh point is 21 degrees 
[Claim 3] The form polystyrene resolvent accordmg to claun 1 or 2 whose nasn pomx 

C OT more. „„„„^^;r.o +n rlaim 1 or 2 whose flash point is 70 degrees 

[Claim 4] The form polystyrene resolvent accordmg to clami i or z wnobc y 

with said general formula (I). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
recover)' and reuse easy. 

form polystyrene and Py^°ly^;5^! P^^f^^^^^ cost also becomes high. Moreover, 

may have a bad influence on the body or an f ^ invention person 

[0005] A specific ^^'-^.'^"'"^^^^'^^'^^Zit'Z^'^^Zo. on the body or an 
Z^::Z'~^r^f^^^o^^^y in view of such a convenUonai 

technique. 

rOwSts of fte Invention] This invention solves the above-mentioned problem, its =afeW is high, and 
lavS a ba?M>ri^ an enviromnen. aims at offering few fom> polystyrene resolvents. 

t^^^'^l . 1 • I. *^^rr^A w fhR fnrTTi Dolvstvrene resolvent concerning this 

SfnllS^S'^n^ tXr^pT d :h»a carbonate compound expressed 
with the following general formula (I).; 

K'^ret^re^n^^Rfs^;^^^^^^ 

iiiSs?c:'n?p?u„dissi^^^^^^^ 

lll^^SriS— ai^rtheformpo,.^^^^^^^^^ 

t*'::i^.rrsrc^.''rconSJ — - '»» 

the weight of carbonate compounds expressed with said general formula (I). 
& Description Of *e — 1 ".ea^^^^^^^^^^ 

general formula (I). 



[0010] 

•?i;?nsiffi^ ^iif^er, even if the sa.e, and the radical 

chosen from the group which a carbon atomic number becomes from the shape of a straight chain 
•Sie br^ched-chJn alkyl group, the cycloalkyl radical, alkenyl radical, and alkylphenyl radical of 1- 

JoontA'^arbon atomic number is specifically mentioned for methyl ethyl, n-propyl, n-butyl, t- 
-Lntvl J hutvl n-hexYl n-heptyl, n-nonyl, n-octyl, etc. as the shape of a straight chain and the 
Schedlain alkyl gro^p'n'- 16, and,' specifically, cyclopentyl, cyclohexyl, cycloheptyl one, etc. 

is mentioned and, specifically, benzyl etc. i^^^^^^^^^ an 
alkylphenyl radical Even if m and n are mutually the same, they may differ from each other, and 

loo'l3t7ou*mrdSL!V;en if x and y are mutually the same, and *e integer of 0-2 is shown, and 
each of X and y is 0 preferably. As a carbonate compound expressed with said such general formula 
m in an example Diethyl carbonate, diethyl carbonate, G n-propyl carbonate, Dnsopropyl 
cibona^e di-n butyl carbonate, diisobutyl carbonate. G n-hexyl carbonate, diisoheptyl carbonate 
bS--2-eSylhexyl carbonate. Symmetry carbonate compounds, such as G ' 
cSbonate and dibenzyl carbonate; ethyl Methyl carbonate. Methyl n-propyl carbonate, sopropyl 
Meftvl SrbSnate nTutyl Methyl carbonate, isobutyl Methyl carbonate, n-hexyl Methyl carbonate, 
^ot^pt^rS^lcarbon^^^^ 2-eVexyl Methyl carbonate, metiiyl Octyl ^^onate Meth^^^^^ 
c^boS, DESHIRU Unsymmetrical carbonate compounds, such as methyl ^^^onate 2-me&o^^ 
eSl Methyl carbonate. 2-isopropoxy ethyl Methyl carbonate. 2-methoxy-l -methyletliy I Methyl 
Senate 2-me1hoxy- .methyleSiyl Ethyl carbonate, 2-(2-methoxyetiioxy) ethyl Methyl carbonate, 
S?ew (i-methoxy ethyl) carbonate, screw (2-methoxy-l-meJylethyl) carbonate, ScreW^^^^^ 
metiioxv-l-methylethoxy)-l-methylethyl) carbonate. Screw (2-(2-ethoxy-l-metiiylethoxy)-l- 
meS^?l4ylTcXn^^^^^^ ethyl Methyl carbonate, 2-t-butoxy ethyl Methy c^bonate Screw 

S!^ixyly"c^^^^^^ screw (2'-butoxy ethyl) carbonate, 2-butoxy-l-methylethyl Method 
carbonate 2-t-butoxy- 1 -methy lethyl Methyl carbonate. The carbonate compouno wiucx. xx« 
nScaee s^ch as s^^^^^ (2-butoxy-l-methylethyl) carbonate and screw (2-t-butoxy -1 -methy lethyl) 
^ZaSt^hTZnLed. These are one-sort independent, or can be combined two or more sorts 



JSoi4] men using one sort of these carbonate compounds, it is desirable ^^at the flashpoint uses a 
thing 21 degrees C or more, and it is desirable that the thmg which has the ^gh flash point, 
^ecially the flash point use a carbonate compound 70 degrees C or more from a viewpoint on 



rOoTsTMoreover when using two or more sorts combining these carbonate compounds, it is 

to use^he thing of lie range of the above [ the flash point of mixture ^ Although especial y 
t combiirn o^ or more sorts of carbonate compounds is not limited, it has comWlion ^t^ 
^carbonate compound with the high (for example. 70 degrees C or ^^^^'^ ^.^^J"^^'^'^^^ 
dissolution rate [ a carbonate compound with the early low (for example, 60 degrees C or less) flash 
poTnVShfdissolution rate of fo'rm polystyrene ] dissolution rate of form polystyrene, for example. 

[0016] although especially a mixing ratio is not limited when combining two o^^ Z'To-T?^ 
carbonate compounds - the rate of a volume ratio - usually ~ 99:1-1 .99 - it is 90.10-10.90 

mm 7T?he flash point is di-n-butyl carbonate, diisobutyl carbonate, G n-hexyl carbonate, diisoheptyl 
carbonate and iso heptyl as a carbonate compound 70 degrees C or more here, for example. Methyl 
c^bon^e, 2-ethylhexyl Methyl carbonate, methyl Octyl carbonate. 2-methoxy-l -methy lethyl There 

foo'ltMoTJovT^^ of physical-properties values and biodegradabiUty of the carbonate 
compound used by this invention as reference are shown m Table 1 . 
[0019] 
[Table 1] 
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102/23nwnHg 
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132. 21i 


0.9639 


162 


511 
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DNP C : >'-ti--:^a f;U7!7-'K:t^- b 

DIPC : v'-fVyptf^l'T^-'*^^"-*^ 

D N B C : v^-o-^^^l'*"'^^*"" ^ 

D I B C : e^-f V ^ 

MH P C : 'I' V'-^-S^'^-^i' ;^ f-^Ui^-ji^^v- h 

MNBC: n-T'f-^I/ ^ 5^ ;U * - 'i^ -^K - b 

MNH C : n-'S^- S/iU >t f- 71/ * — - ^ 

form polystyrene. 
[0026] 



FEffecl of the Invention] Since the form polystyrene resolvent of this invention dissolves form 
Lo^stlrene Ls"^y and ts safety is high and it is rare to have a bad influence to an envirormient, tiie 
l&l^vZeSr recycling form polystyrene upwards and achieving reduction-xzation efficiently 
is given, 

[Sple] Hereafter, although this invention is explained still more concretely based on an example, 
this invention is not limited to these examples. 

[The example 1 of reference] The 200ml limonene was put into the 300ml flask furnished with an 
^IXio^^^^ e^t^t^A at thi rate of 1 OOrpm at 20 degrees C. Time arnount until it supp ies spherical 
Sa dieter of about 12mm polystyrene 2g to said flask and dissolves m it completely was 
mpfl<?nred Conseauently, the dissolution duration was 110 seconds. 

rO029Tln aS^^^ dissolution duration is the average (it is below the same) when performmg said 
measurement 3 times. 

E?!5r^lp 1 1 Tn the examole 1 of reference, the dissolution duration of polystyrene was similarly 
Leasured exc^i^hat^^S^^^^^^^^ with the 'limonene and having used DEC. Hie dissolution duration 
for polystyrene to dissolve completely was 95 seconds. 

Spies 2 and 3] In the example 1, the dissolution duration of polystyrene was similariy measm^d 
having chJged into the temperature which indicated tiie meltmg temperature to Table 1 . The 
result was shown table 2. 

[0032] 

[Table 2] ^ ^ 
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Spies 4-17] In the example 1, the dissolution duration of polystyrene was smriilar y measiKed 
ex^Saving considered as tiie temperature which indicated the meltmg temperature to Table 3 
Sing the c^^^^^ which replaced with DEC and was shown in Table 3. The result was 

shovm inTable 3. 



[0034] 
[Table 3] 
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pSles 18-21] In the example 8, it examined by the same approach ^^^^.^P^ ^a^^^^^ ^he 
surfactant shown in Table 4 at DNBC. In accordance with the result, it indicated to Table 4. 
[0036] 



[Table 4] 
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TECHNICAL FIELD 



'[Field of the Invention] This invention dissolves the fonr. polystyrene used as ingredients such as a 
food-grade tray and a packing agent, and relates to the form polystyrene resolvent for making 

"recovery and reuse easy. 

rBackl-ound of the Invention] Form polystyrene is cheap, easy to fabricate and since it excels in 
. mpSuffer nature, it is used in large quantities as shock absorbing material m the case of packmg 
of a food-grade tray, home electronics, etc. However, since it will not be decomposed m soil if a 
landfill is carried out in case it discards, if form polystyrene will remain in an environment 
sem^ermanently and incineration disposal is carried out, it will generate problems, like calorific 
vXe damages L incinerator greatly at the time of incineration. Especially, importance is attached to 
environmental protection and the request of recycle is increasing recenUy . 
100031 Although the approach of making the technique which carries out recovery recycle of the 
forpoCtyrene, and pyrolyzing form polystyrene, making the oily matter of low ^^^u^ar w^ 
STusing as a fud is examined, equipment is large-scale and cost also becomes high. Moreover, 
^though the method of fusing and blocking form polystyrene with heat is also examined problems, 
such afa physical-properties fall of the polystyrene by the cost of equipment, the installation, the 
odor to generate, and the pyroly sis, follow. ^ j 

[0004] Although the approach of carrying out post-recovery reuse of having dissolved form 
polystyrene in the org^ic solvent and having shrunk the volume as one effective means s also 
ex^ined, the flash point is low, and the usual organic solvent has an insurance top problem, and 
mav have a bad influence on the body or an environment. ^ , . • ^- 

m005] A specific carbonate compound dissolves form polystyrene easily, and this invention person 
came o complete header this invention for it being rare to have a bad influence on the body or an 
environment moreover, as a result of inquiring wholeheartedly m view of such a conventional 



technique. 

[ObieL of the Invention] This invention solves the above-mentioned problem, its safety is high, and 
having a bad influence on an environment aims at offering few form polystyrene resolvents. 

[sSmlary of the Invention] It is characterized by the form polystyrene resolvent concermng this 
in^oTcontaining at least one kind of compound chosen from the carbonate compound expressed 
with the following general formula (I).; 

Rl-(OCmH2m)x-0-CO-0-(CnH2nO)y-R2-(I) _ 
(Among the formula, even if Rl and R2 are mutually the same, you may differ) The radical chosen 
fr^ the group which a carbon number becomes from the shape of a straight chain which is 1-16, a 
brrcSi'chaSi alkyl group, a cycloalkyl radical, an alkenyl radical, and an ^^Ij^ P^-y^ -^i^^^^^^^^ 
shown, m and n you may differ, even if mutually the same, the mteger of 1-6 s shown, and even if x 
^dT are mutually the same, they may differ from each other, and they show the mteger of 0-2. 

fs de^Lbk that both the inside of said general formula (I), x, and y are the compounds at least one 
kind of Xse compound chosen from the carbonate compound expressed with said general formula 

(Y) in this invention is 0. ^ , . . • • j • ui^ 4^^^ 01 

0008] Moreover, as for the form polystyrene resolvent of this invention, it is desirable for 2 
degrees C or more of flash points to be 70 degrees C or more preferably. Furthermore 0. 1- 10 /^ of 
the weight of the surfactant may contain the form polystyrene resolvent of this invention to 100 /o of 
the weight of carbonate compounds expressed with said general formula (I). 

[Sed Description of the Invention] Hereafter, the form polystyrene resolvent concerning this 
nvention is explained concretely. The form polystyrene resolvent ^^^cerning this inventio^^^^^^ 
at least one kind of compound chosen from the carbonate compound expressed with the following 
general formula (I). 
[0010] 

Rl -(0CmH2m) x-0-CO-0-(CnH2nO) y-R2 - Q) 



The inside of a formula, and Rl And R2 You may differ, even if mutually the same, ana the radical 
chosen from the group which a carbon atomic number becomes from the shape of a straight chain 
5.e branched-chl alkyl group, the cycloalkyl radical, alkenyl radical, and alky Iphenyl radical of 1 - 

rOoTltA'^bon atomic number is specifically mentioned for metliyl, ethyl, n-propyl, n-butyl, t- 
butyl, i-but5'l, n-hexyl, n-heptyl, n-nonyl, n-octyl, etc. as the shape of a straight <^hain ^nd the 
branched-chain alkyl group of 1-16, and, specifically, cyclopentyl, cyclohexyl, cycloheptyl one, etc. 
are mentioned as a cycloalkyl radical. . ^. j 

[Son] As an alkenyl radical, vinyl etc. is mentioned and, specifically, b^yl etc. is njentioned as an 
alkylphenyl radical. Even if m and n are mutually the same, they may differ from each other, and 

'I^J,^7ou:^'SS:!^^t if X and y are mutually the same, and the integer of 0-2 is shown, and 
each of X and y is 0 preferably. As a carbonate compound expressed with said such general formula 
(1) in an example Dimethyl carbonate, diethyl carbonate, G n-propyl carbonate, Dusopropyl 
carbonate, di-n-butyl carbonate, diisobutyl carbonate, G n-hexyl carbonate, dnsoheptyl carbonate 
bis-2-ethylhexyl carbonate, Symmetry carbonate compounds, such as G n-octyl carbonate, diaryl 
carbonate and dibenzyl carbonate; ethyl Methyl carbonate. Methyl n-propyl carbonate, isopropyl 
Methyl CE^bonate, n-butyl Methyl carbonate, isobutyl Methyl carbonate, n-hexyl Methyl carbonate, 
iso h^ptjrM^thyl carbol^^ 2-etiiylhexyl Methyl carbona^, methyl Octyl '^-bonate Methyl Non^^ 
carbonate, DESHIRU Unsymmetrical carbonate compounds, such as methyl carbonate; 2-methoxy 
ethy°Methyl carbonate, 2-isopropoxy ethyl Methyl carbonate, 2-methoxy- 1-methylethyl Methyl 
cXnate, 2-methoxy-l -methyleSiyl Ethyl carbonate, 2-(2-methoxyethoxy) ethyl Metiiyl carbonate, 
Screw (2-methoxy ethyl) carbonate, screw (2-methoxy- 1-methylethyl) carbonate. Screw (2-(2- 
methoxy-l-methylethoxy)-l-methylethyl) carbonate, Screw (2-(2-ethoxy-l-metiiylethoxy)-l- 
meSlTcarWte!2Uoxy ethyl Methyl carbonate, 2-t-butoxy ethyl Metiby c-bonat^^^^^^^ 
(2-butoxy ethyl) carbonate, screw (2-t-butoxy ethyl) carbonate, 2-butoxy-l-methyletiiyl Methyl 
carbonate, 2-t-butoxy-l-methylethyl Methyl carbonate. The c^bonate compound which has ether 
linkage such as screw (2-butcxy-l-methyletliyl) carbonate and screw (2-t-butoxy-l-methylethyl) ^ 
carbonate, can be mentioned. These are one-sort independent, or can be combmea two or more sox ^ 

r00Ul"when utng one sort of these carbonate compounds, it is desirable that the flash point uses a 
thine 21 degrees C or more, and it is desirable that the thing which has the high flash pomt, 
especially the flash point use a carbonate compound 70 degrees C or more from a viewpomt on 



[0015] Moreover, when using two or more sorts combining these carbonate coinpomids, it is 
desirable to use the thing of the range of the above [ the flash point of ""^^"^^ l;,^^*^^^^^^^^^^^^^ 
the combination of two or more sorts of carbonate corripounds is not Imuted, has combina^K,:^ 
a carbonate compound with the high (for example, 70 degrees C or more) flash PO^^^^^^^,^^^/"^^ 
dissolution rate [ a carbonate compound with the early low (for example, 60 degrees C or less) flash 
poTnVand ^he dissolution rate of form polystyrene ] dissolution rate of form polystyrene, for example. 

[0016] although especially a mixing ratio is not limited when JJ^J^.^^!^ 
carbonate compounds - the rate of a volume ratio - usually - 99:1-1:99 ~ it is 90.10-10.90 

monTxhe flash point is di-n-butyl carbonate, diisobutyl carbonate, G n-hexyl carbonate, diisoheplyl 
carboiate, and iso heptyl as a carbonate compound 70 degrees C or more here, for ^''i^P^- ^^^^ 
carbonate, 2-ethylhexyl Methyl carbonate, methyl Octyl carbonate, 2-methoxy- 1-methylethyl There 

[0018]'Moreover!t p^ of physical-properties values and biodegradability of the carbonate 
compound used by this invention as reference are shown in Table 1 . 
[0019] 
[Table 1] 
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DNPC: v'-n-r/a t:;l'*-'K?«- h 
D 1 P C : -f V/ P tr-»U A - * - h 
DNBC : i^-n-':^^/!'* — h 
DIBC : 'J ^'J-ff- S^-h V 
MHPC:'l'V'^':^f--'l' ^f-^U^-jK^^ — h 
^4N B C : n-T'f^y)/ y ^^I^A-iP-*.- h 
MNH C : n-'s+i/^l' h 

r00201 The carbonate compound expressed with said general formula a) is easily compoundable by 
making carbonic acid diester, such as a phosgene or dimethyl carbonate, and diphenyl carbonate, and 
corresponding alcohol react. Moreover, it is compoundable with the reaction of a chloro carbonate 
and corresponding alcohol. Although the carbonate compound expressed with said general formula 
(I) generated by said reaction mav he obtained as one kind of case, and two or more sorts of mixture, 
in the case of mixture, it is also possible to separate these, and to use independently and to use il witli 
mixture. Since these carbonate compounds have many in which toxicity is low and generally has 
biodegradability, it is rare to have a bad influence to an environment. 

[0021] Although the form polystyrene resolvent concerning this invention contains the carbonate 
compound expressed with said one sort or two sorts or more of general formulas a), it may contam 
the surfactant if needed. . u xt • 

[0022] It is desirable to be able to mention anion system surface active agents, such as Nomon 
system surface-active-agent; dioctyl sulfosuccinate, such as the polyoxyethylene lauryl ether, etc., 
and to use especially the Nonion system surface active agent as a surface active agent. The content 
rate of a surface active agent is 0.2 - 5 % of the weight preferably 0.1 to 10% of the weight to 100 % 
of the weight of carbonate compounds. If a surface active agent is added to these carbonate 
compounds, the dissolution rate of form polystyrene can be raised. 

[0023] In addition, the form polystyrene resolvent of this invention may be replaced with said 
surfactant, or, in addition to said surfactant, may contain an antioxidant with a still better known 
hindered phenoUc antioxidant etc. ^ ai 

[0024] When the form polystyrene resolvent of this invention contains a surtactant and/or an 
antioxidant, it is desirable that the flash point of the form polystyrene resolvent containing a 
surfactant and/or an antioxidant is in the above-mentioned range. 

[0025] Although the temperature at the time of dissolving form polystyrene using the form 
polystyrene resolvent conceming this invention will not be limited especially if it is the temperature 
below the boiling point of this resolvent, it is usually below the boiling point of a resolvent beyond a 
room temperature, and is within the limits of 70 degrees C or less beyond a room temperature still 
more preferably below the flash point of a resolvent beyond a room temperature preferably . In 
addition, a dissolution rate can be raised if a resolvent is warmed at the time of the dissolution of 
form polystyrene. 



EFFECT OF THE DWENTION 



[Effect of the Invention] Since the form polystyrene resolvent of this invention dissolves form 
^Srene easily, and its safety is high and it is rare to have a bad influence to an enviroimient, the 
SectWe meSfs for recycling form polystyrene upv^ards and achieving reduction-ization efficiently 



IS given. 



EXAMPLE 



[Example] Hereafter, although this invention is explained still more concretely based on an example, 
this invention is not limited to these examples. 

fThf example 1 of reference] The 200ml limonene was put into the 300ml flask furnished with an 
iUator and it agitated at the rate of lOOrpm at 20 degrees C. Time amount until it supp les spherical 
. with a diameter of about 1 2mm polystyrene 2g to said flask and dissolves m it completely was 
' measured. Consequently, the dissolution duration was 1 1 0 seconds. ^ • „ j 

. [0029] In addition, a dissolution duration is the average (it is below the same) when performing said 
measurement 3 times. 

[ExlSple 1] In the example 1 of reference, the dissolution duration of Polystyrene was similarly 
me^r^ except having replaced with the limonene and having used DEC. The dissolution duration 
for polystyrene to dissolve completely was 95 seconds. 

[Exll^ples 2 and 3] In the example 1, the dissolution duration of polystyrene was similariy measm^d 
except having changed into the temperature which indicated the meltmg temperature to Table 1 . The 
result was shown table 2. 
[0032] 
[Table 2] 
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9i 1 








9i 2 




50g> 




fflj 3 


60^ 


331* 



[Exai^ples 4-17] In the example 1, the dissolution duration of polystyrene was similar^ measured 
except having considered as the temperature which indicated the melting teniperati^e to Table 3 
using the carbonate compound which replaced with DEC and was shown m Table 3. The result was 
shown in Table 3. 
[0034] 
[Table 3] 
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DNPC 




125«> 




DNPC 




63^ 


mmm (> 


DIPC 


20t;. 


138# 




DIPC 








DNBC 


20*C 






DNBC 


UO'C 






MHPC 


20"C 


158t^ 




MHPC 


UO'C 






MNBC 


20'C 






MNBC 








MNHC 


20*C 






MKHC 


40'C 






MNBC + DNBC 
(20 : 80)* 


20'C 


12261? 




MNBC + DNBC 
(20 : 80)* 


uo*c 


75# 



mx^vlts 18-21] In the example 8, it examined by the same approach except having added the 
surfactant shown in Table 4 at DNBC. In accordance with the result, it indicated to Table 4. 

[0036] 
[Table 4] 





(vol?) 


fm&t 






(0.5) 


20X 


109& 




(0.5) 


UO'C 






(0.5) 


20TC 






(0.5) 


liOT 





